High-grade serous ovarian carcinoma presents significant clinical and therapeutic challenges. Although the traditional model of carcinogenesis has focused on the ovary as a tumor initiation site, recent studies suggest that there may be additional sites of origin outside the ovary, namely the secretory cells of the fallopian tube. Our study demonstrates that high-grade serous tumors can originate in fallopian tubal secretory epithelial cells and also establishes serous tubal intraepithelial carcinoma as the precursor lesion to high-grade serous ovarian and peritoneal carcinomas in animal models targeting the Brca, Tp53, and Pten genes. These findings offer an avenue to address clinically important questions that are critical for cancer prevention and early detection in women carrying BRCA1 and BRCA2 mutations.
INTRODUCTION
Epithelial ovarian cancer is the most lethal gynecologic malignancy in the United States with an annual mortality rate of 15,000 (Siegel et al., 2012) . High-grade serous ovarian carcinoma (HGSC), the most common and aggressive subtype, has the highest mortality rate, with a 5-year survival rate of only 30% (Vaughan et al., 2011) . This is due to the fact that the vast majority of cases are not detected until late-stage, ultimately thwarting attempts to define the cell-of-origin and pathogenesis of this disease.
Although research has traditionally focused on the hypothesis that HGSC arises from the ovarian surface epithelium (OSE) or ovarian inclusion cysts, recent studies suggest that additional sites of origin exist and a substantial proportion of cases may arise from precursor lesions located in the fallopian tubal epithelium (FTE). The latter hypothesis is based on the detection of early lesions, namely serous tubal intraepithelial carcinomas (STIC), found in the fallopian tubes (FT) of both women at highrisk for developing serous carcinomas as well as patients with disseminated HGSCs (Kindelberger et al., 2007; Lee et al., 2007; Leeper et al., 2002; Levanon et al., 2008; Medeiros et al., 2006; Przybycin et al., 2010) . Recent studies of ovarian and tubal tissue samples from high-risk BRCA1/2 mutation carriers who underwent prophylactic salpingo-oophorectomy procedures to reduce their cancer risk revealed early cancer lesions in $5%-15% of cases, with 60%-100% of lesions found in the FT fimbria (Leeper et al., 2002; Medeiros et al., 2006) . In addition,
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Recent histological studies suggest that many serous carcinomas can arise from intraepithelial lesions in the fallopian tube. This is based largely on association studies and has never been proven due to lack of effective early detection methods in patients and the shortage of valid experimental models. Herein, we present a genetic model of de novo high-grade serous carcinoma (HGSC) that originates in fallopian tubal secretory epithelial cells and recapitulates the key genetic alterations and precursor lesions characteristic of human invasive ovarian cancer. In addition to offering mechanistic insight into the origin and pathogenesis of HGSC, this model provides a platform to explore HGSC sensitivity to therapeutic strategies and to develop better early detection strategies for women at risk.
STIC lesions, which are defined as in situ cancers with TP53 mutations and increased proliferative capacity, are observed in at least 60% of women with HGSC of the ovary and/or peritoneum (Kindelberger et al., 2007; Przybycin et al., 2010) and similar in situ lesions are not observed in the OSE (Folkins et al., 2008) . Such early lesions exhibit shortened telomeres, a notable hallmark of early molecular carcinogenesis (Kuhn et al., 2011; Chene et al., 2013) . Clinical observations support the hypothesis that STICs can originate from secretory epithelial cells of the fallopian tube and progress to HGSC by rapidly disseminating to involve ovarian and peritoneal surfaces. This hypothesis is further supported by the shared morphologic and immunophenotypic features of STICs and HGSCs. In addition, injection of transformed primary human FT secretory epithelial cells (FTSECs) into the peritoneum of nude mice induces tumors that grossly, histologically, immunophenotypically, and genomically resemble human HGSCs (Karst et al., 2011a; Jazaeri et al., 2011) . However, these associations are largely circumstantial and necessitate experimental proof in order to confirm the role of FTSECs and STICs in serous carcinogenesis. The vast implications of unequivocally establishing a potential cell of origin in HGSC for both cancer prevention and early tumor detection prompted us to develop genetically engineered animal models that mimic human HGSC pathogenesis.
Genetically engineered mouse models for the endometrioid subtype of ovarian cancer have been successfully exploited to resolve the site of origin and pathogenesis for this particular subtype (Dinulescu et al., 2005; Wu et al., 2007 Wu et al., , 2013 . In contrast, an effective de novo mouse model for HGSC has proven elusive, likely because previous models were designed based on traditional views of ovarian cancer pathogenesis, namely strictly ovarian origin. Previous work has utilized conditional expression of oncogenes (for instance, Kras) or conditional deletion of relevant tumor suppressors (such as Brca1/2, Tp53, Rb, and Pten); although these markers are well defined in the literature, all have targeted the OSE (Clark-Knowles et al., 2007 Flesken-Nikitin et al., 2003; Mullany et al., 2011; Quinn et al., 2009; Szabova et al., 2012) . Subsequently, some tumors have failed to recapitulate the histology and markers of the human disease (Clark-Knowles et al., 2007 Mullany et al., 2011; Quinn et al., 2009) . Another study utilized an activating Pik3ca mutation coupled with Pten loss to drive ovarian serous carcinoma from the OSE but this also resulted in granulosa cell and luteoma tumors and did not recapitulate early precursor lesions (Kinross et al., 2012) . A recent study targeted deletion of Pten and Dicer, the ribonuclease essential for the conversion of pre-miRNAs into mature miRNAs, using the anti-Mullerian hormone receptor type 2 promoter to drive Cre expression. Although these animals developed tumors in the FT, they failed to recapitulate the early events of human disease pathogenesis, namely FTSEC transformation and STIC lesions (Kim et al., 2012) . Collectively, these studies all suggest that the origin of HGSC is still unknown and may arise from multiple sources. However, developing a genetically engineered mouse model of HGSC, which accurately recapitulates the early alterations and disease progression seen in patients and high-risk women, is key to improving early cancer diagnosis and is an important goal of our study. Such a model can confirm the transformation continuum from STIC to HGSC and mimic the molecular alterations underlying this process.
RESULTS

PAX8 Is a Marker of the Fallopian Tube Secretory Cell but Not of the Ovarian Surface Epithelium
We have specifically targeted the FTSEC by driving expression of the Cre recombinase from a Pax8 promoter. PAX8 is a transcription factor that is essential for the development of the female genital tract, including the FTs but not the ovaries (Mittag et al., 2007) . In the FTE, PAX8 is a marker of the secretory cell lineage, not the ciliated cell population ( Figures 1A and 1B) . Consistent with its role as a lineage marker (Bowen et al., 2007; Cheung et al., 2011) , PAX8 expression is retained in the FT cells during the process of secretory cell malignant transformation, both in STIC lesions (Figures 1A and 1B) and in the vast majority of HGSCs ( Figure 1C ) (Laury et al., 2010 (Laury et al., , 2011 Tacha et al., 2011) . In mouse FTE, PAX8 shows a similar pattern of expression in FTSECs and is not present in acetylated tubulin-positive ciliated cells ( Figures 1D-1F ). Importantly, PAX8 is absent in mouse and human OSE ( Figure 1D ) (Bowen et al., 2007) . This distinct PAX8 expression pattern was confirmed by western blot analysis, which showed strong PAX8 expression in human FTSEC lines and no expression in human ovarian surface epithelial (HOSE) cell lines ( Figure 1G ).
PAX8 Can Drive Cre Recombinase in the Fallopian Tube Secretory Cell
In order to express Cre recombinase from the mouse FTSEC, we crossed mice expressing the reverse tetracycline-controlled transactivator (rtTA) under the control of the Pax8 promoter (Pax8-rtTA) with mice expressing Cre recombinase in a tetracycline-dependent manner (TetO-Cre) (Perl et al., 2002; TraykovaBrauch et al., 2008) . The combination of both transgenes, which we termed Pax8-Cre, was used as a tissue-specific driver for all genetic alterations described hereafter (Figure S1A available online). In order to determine the tissue specificity of the recombination event, Pax8-Cre mice were crossed with Gt(ROSA) 26Sor tm1sor mice expressing the loxP-Stop-loxP LacZ transgene ( Figure S1A ) (Soriano, 1999) . Following administration of doxycycline (Dox, 0.2 mg/ml in drinking water ad libitum) for 14 days to activate Cre-mediated recombination, organs were harvested and subjected to b-galactosidase staining. Gross anatomic inspection showed that the FT exhibited a very strong LacZ staining pattern; some staining was observed in the uterus and, importantly, the ovary was completely negative for LacZ ( Figures 1H and 1I) . Histologically, as expected from the mosaic pattern of Pax8-positive secretory and Pax8-negative ciliated cells, the FTE exhibited a mosaic pattern of LacZ staining ( Figure 1J ). Most importantly, microscopic evaluation of the OSE did not exhibit any LacZ staining (Figures S1B and S1C) thereby confirming that HGSC in this model cannot arise from the OSE. As expected, the FTE of Pax8-rtTA;LSL-LacZ mice, without TetO-Cre (negative control) showed no LacZ staining ( Figures S1D and S1E ). In addition, endometrial and renal tubular epithelium expressed LacZ (Figures S1F and S1G; Traykova-Brauch et al., 2008), whereas the liver showed focal LacZ staining in scattered hepatocytes (Traykova-Brauch Figure 2C ). Furthermore, the survival of Brca2 À/À mice was significantly lower when compared to Brca2 +/À mice (p < 0.05, Figure 2C ). Otherwise, the heterozygous and homozygous Brca1 and Brca2 animals yielded similar phenotypic results. Evidence of Brca2, Tp53, and Pten recombination in our animal models is shown in Figure 2D whereas the efficiency of recombination events at the three genetic loci is displayed in Figure 2E . Tumors that show incomplete recombination likely reflect the presence of stromal and/or ciliated epithelial cells that are not targeted. In patients, BRCA1 and BRCA2 are known to be associated with hereditary breast and ovarian cancer. In the recently published Cancer Genome Atlas Research Network (TCGA) data, BRCA1 and BRCA2 show germline mutations in 9% and 8% of HGSC cases, respectively, and somatic mutations in an additional 3% of cases (Cancer Genome Atlas Research Network, 2011) . In addition, BRCA1 and BRCA2 germline mutation frequency is as high as 17% of cases in a large series of Australian HGSC patients (Alsop et al., 2012) . In addition, TP53 is mutated in the vast majority (96%) of human HGSC cases. Furthermore, according to the TCGA data, although homozygous loss of PTEN is seen in only 7% of ovarian cancer cases, the PI3K/PTEN pathway is aberrant in 74.4% of HGSC cases ( Figure S2 ). More specifically, TCGA analysis shows combined alterations, including mutations, single and/or double copy deletions of BRCA1, TP53, and PTEN to be prevalent in 31% of cases, with homozygous loss of PTEN being present in 8% of cases harboring BRCA1;TP53 alterations (Table S1) . A similar TCGA analysis for BRCA2 reveals coexisting alterations, including mutations, single and/or double copy deletions of BRCA2, TP53, and PTEN in 25% of cases, with homozygous PTEN loss being present in 7% of BRCA2;TP53 altered cases (Table S2) . Therefore, alterations in BRCA1/2, TP53, and PTEN genes serve as a relevant model for human FT transformation and development of HGSC in patients. 3H ; data not shown). Although the omentum was typically involved, peritoneal involvement was generally widespread, and we did not discern between the different organs involved or the omentum. These findings are consistent with the pattern of HGSC spread in humans. Frequent ovarian metastases are of special interest because HGSC is commonly diagnosed in the ovary. Immunohistochemical analysis of murine preinvasive and invasive lesions demonstrated a high degree of concordance between human and mouse tumor markers ( Figure 3I ). Thus, PAX8 serves as the hallmark for human HGSC diagnosis. In line with our Pax8-driven model, murine preinvasive lesions and invasive tumors were PAX8 positive, similar to human counterparts ( Figure 3I ). As expected, all murine tumors with dominant negative Tp53 R270H mutations showed accumulation of nuclear TP53 immunoreactivity ( Figure 3I ); in addition, an increased Ki-67 proliferative index was seen in STICs and metastatic lesions ( Figure 3I ). Thus, the immunohistochemical profiles of murine tumors mimic those of human STICs and HGSC tumors and confirm our targeting strategy. Furthermore, in addition to being positive for PAX8 and Ki-67, murine STIC lesions showed immunoreactivity for Stathmin-1 (STMN1) ( Figures 4A-4D ) in contrast to normal FTE (located adjacent to the STIC, left side of the image, in Figures 4C and  4D ). STMN1 is a marker for early human serous carcinoma that is significantly increased upon progression to STIC and invasive carcinoma in patients (Karst et al., 2011b Figure S2 and Tables S1 and S2. tumors were positive for epithelial markers, including PanKeratin and CK8 ( Figure 5A ). In addition, PAX8-immunoreactive tumors and metastases were also positive for either PAX2 (
Pax8-Driven
Figure 5B) or WT-1 ( Figure 5C ), two markers that are expressed by human HGSCs. As noted earlier, the endometrium expresses Pax8 and this expression was confirmed with LacZ staining (Figures S1F and S1G). Because PTEN is the most common genetic alteration observed in endometrial neoplasms (Mutter et al., 2000) , we closely examined the endometrium in all cohorts of mice. All mice had various degrees of endometrial changes, which recapitulated human endometrial hyperplasia, dysplasia, or carcinoma ( Figure S3A ). Interestingly, intrauterine endometrial lesions were negative for PAX2 and WT1 markers ( Figures S3B and S3C ), whereas the STICs and metastatic HGSC tumors (described above) retained PAX2 expression ( Figure S3B ) or WT1 expression ( Figure S3C ), strongly suggesting that the metastatic lesions arose from the FT and not the endometrium.
In order to study the contribution of Brca and Pten genetic alterations to the pathogenesis of HGSC tumors, we generated control cohorts of Figure S4A ). Immunohistochemical and pathological analysis of STICs and ovarian/peritoneal tumor metastases in the hysterectomy cohort was consistent with HGSC profiles ( Figure 6F ). Invasive tumors were positive for human epithelial and HGSC markers, such as CK8, PAX8, WT1, and TP53 ( Figure 6F ). In contrast, FT removal by salpingectomy resulted in absence of HGSC in all mice and no metastases ( Figures S4A-S4C ). Interestingly, removal of the ovary resulted in generation of STICs and tubal transformation in all mice but reduced peritoneal metastasis, suggesting that the ovary induces a permissive environment for advanced disease, possibly through the role of ovarian hormones or through a mechanism that promotes metastatic spread ( Figures S4A-S4D ). It is possible that the ovaries are preferential sites of early metastatic disease and facilitate growth or they produce hormones that encourage peritoneal spread. However, because we sacrificed the oophorectomized cohort within a similar timeline as our intact ovary animals, we cannot rule out that the development of metastatic disease in these mice may necessitate longer times than the timeline we studied.
PAX8-Driven Tumors Show Human HGSC Biomarkers and Genomically Correlate with Human TCGA Data
Serum was collected and tested for the presence of CA-125, the best characterized serum biomarker for human HGSC (Bast, 2003) . All mice showed significantly higher CA-125 levels than control mice ( Figure 7A ). To prove that the elevated CA-125 biomarker detected in the bloodstream is originating from HGSCs, CA-125 was further assessed in tumor samples using western blot analysis. As expected, tumor samples showed increased levels of CA-125 in comparison to control murine FTs ( Figure 7B ). In addition, western analysis of tumor samples showed increased gH2A.X expression in murine HGSCs in comparison to normal FT, supporting our previous report that the transformation process of FTSEC to HGSC is characterized by the acquisition of abundant DNA damage ( Figure 7B ) (Levanon et al., 2008) . We further performed a genomic copy number analysis of HGSC tumors isolated from Brca2 À/À ;Tp53 mut ;Pten À/À mice using array comparative genomic hybridization (aCGH) studies ( Figure 7C ). The analyzed tumors showed the presence of a large number of genomic copy number alterations, including recurrent alterations ( Figure 7C ), similar to the abundance of copy number alterations recently reported in human HGSCs (Cancer Genome Atlas Research Network, 2011). In order to compare the regions of copy number alterations in the mouse HGSC model with those seen in patients, we performed orthology mapping and correlated the syntenic regions with recurrent alterations reported by TCGA, using the cbio portal (http://www.cbioportal.org) (Cerami et al., 2012; Cancer Genome Atlas Research Network, 2011) . Interestingly, array CGH analysis revealed several genomic alterations in the mouse models that correlated with significant copy number alterations in the human TCGA data set (Table 1; Tables S3-S5 ). This overlap was found to be statistically significant (p < 0.001) by random permutation analysis ( Figure S5 ). This analysis also identified multiple syntenic regions that overlapped with the top 20 significant recurrent alterations from the TCGA data set (Table 1; Table S6 ). C-MYC and KRAS, among the top recurrent amplifications in the TCGA data set, were also amplified in our murine models with Kras showing recurrent amplifications in two of the three mouse models. We also found many alterations in genes that mapped to pathways reported by TCGA, namely DNA damage (ATM, RAD17), DNA repair and HR-mediated repair (ATM, TEX15, PALB2, FANCC, TERT) Figure S6 ; Tables S3-S6 ) (Cancer Genome Atlas Research Network, 2011) . Other significant recurrently TCGA altered genes that were also detected in the mouse tumors included tumor suppressor genes (APC2, WWOX, ANKRD11, INPP4B), as well as A2M, POLK, and CDK7 (Table 1; Tables S5 and S6 ). Interestingly, large regions of aneuploidy were seen to harbor genes that are syntenic to cancer-related genes in patients, such as APC2, CDH1, PIK3R1, MAPK15, and INPP4B. Importantly, INPP4B is emerging as a credible tumor suppressor gene in both ovarian and breast cancers. Loss of heterozygosity at 4q31.21, the chromosomal region containing the INPP4B gene occurs in up to 60% of BRCA1 mutant and triple-negative/basal-like breast carcinomas and 39.8% of ovarian cancer cases (Gewinner et al., 2009; Bertucci and Mitchell, 2013) . Furthermore, reduced INPP4B protein expression correlates with decreased overall patient survival for both breast and ovarian cancers (Gewinner et al., 2009; Bertucci and Mitchell, 2013) . In summary, genomic analysis revealed that the alterations seen in the murine models are similar to those observed in human tumors, indicating that these models successfully recapitulate the genomic alteration profile of human HGSCs.
DISCUSSION
Resolving the site of origin for high-grade serous ovarian carcinomas is integral to devising optimal strategies for risk reduction in high-risk women (Collins et al., 2011) . Similarly, determining precisely where these tumors initiate will influence strategies for early detection. This includes the development of screening tests using novel serum tumor markers and improved methods of diagnostic imaging that focus on the distal FTE, in addition to the ovary. However, achieving these goals requires a model that accurately mimics the human disease. Although several animal models of ovarian cancer have recently been reported, none target the clinically relevant FTSEC. One recent study suggests that stem cells in the ovarian hilum and at the junction between OSE, mesothelium, and FT epithelium may be more susceptible to transformation; however, to date, there is no clinical evidence of transformation and human precursor lesions occurring in this area (Flesken-Nikitin et al., 2013) . In this study, we successfully generated a de novo mouse model of HGSC that targets commonly altered HGSC genes ;Pten À/À mouse following hysterectomy.
(F) Histopathological and immunohistochemical (CK8, PAX8, WT1, and TP53) analysis of ovarian (top subpanels) and peritoneal (bottom subpanels) HGSC metastases in murine models that underwent hysterectomy. Scale bars represent 100 mm. See also Figure S4 .
specifically to secretory epithelial cells within the fallopian tube. Interestingly, when using the Pax8 promoter to drive Cre-mediated recombination of Brca1 or Brca2, Tp53, and Pten in FTSECs, we observe the development of precursor STIC lesions, HGSC, and the progression to advanced stage disease, including ovarian and peritoneal metastases. By targeting genes that are commonly altered in human HGSC (Cancer Genome Atlas Research Network, 2011), we have generated a murine model system that is highly clinically relevant. To date, although it is still unclear if we can define a single cell of origin for HGSCs, our models serve as a proof-of-concept that high-grade serous ''ovarian'' tumors can arise from FTSECs and progress to metastatic disease via preinvasive lesions, namely STICs. Interestingly, despite the fact that the mice displayed STIC lesions, the FT appeared normal on gross inspection in the majority of cases, whereas the ovary often showed visible signs of disease. This observation is made repeatedly in the examination of human specimens and may shed light on the propensity to term this disease ''ovarian'' cancer. Importantly, the ability of our murine tumors to accurately recapitulate the histologic, immunophenotypic, and genomic alterations observed in human HGSC, provides a compelling argument for serous carcinogenesis originating in the FTSEC. Specifically, the tumors expressed key tumor and serum proteins, including CK-8, STMN1, PAX2, P53, Ki-67, WT1, and CA-125, all of which are used clinically in the assessment of ovarian tumors. In addition, See also Figure S5 and Tables S3-S6. our genomic analysis revealed that the alterations seen in murine tumors are indeed similar to those observed in corresponding HGSC patients (Cancer Genome Atlas Research Network, 2011), such as amplifications of the c-Myc locus, and copy number alterations in DNA damage, HR-mediated repair, Notch, PI3K/KRAS, and cell-cycle-related genes, indicating that these models faithfully recapitulate human HGSC pathogenesis. TP53 mutations are one of the hallmarks of HGSC (Cancer Genome Atlas Research Network, 2011; Ahmed et al., 2010) and widely disseminated disease is likely to harbor dominant negative and/or loss of function mutations at the TP53 locus (Sood et al., 1999) . However, although TP53 mutations appear to be obligatory in HGSC, to date, little is known about the ability of TP53 to drive ovarian cancer. In our models, there was no obvious phenotypic difference between tumors with complete deletion of Tp53 and tumors expressing a Tp53 R270H dominant negative mutation. Interestingly, Tp53 mutations coupled with loss of Pten did not drive progression of the disease beyond the initial preinvasive stage in our mice, even well beyond the timeline when we saw widespread peritoneal disease with the additional targeting of Brca1 or Brca2. This observation supports clinical data that TP53 mutations alone rarely drive ovarian tumor formation (Nichols et al., 2001 ) but suggests that PTEN loss, a frequent occurrence in human STICs (Roh et al., 2010) , can cooperate with mutant TP53 in early serous tumorigenesis. Future studies will focus on understanding the clinical implications of Tp53 loss versus expression of various different Tp53 mutants in the development of HGSC. Collectively, the murine and human data indicate that alterations in PTEN or the PTEN/PI3K pathway are important in the development of STIC lesions and FTSEC malignant transformation. Furthermore, our data suggest that the BRCA status may play a much more significant role in the development of metastatic HGSC despite it being altered much less frequently than TP53 in human HGSC cases (Alsop et al., 2012; Cancer Genome Atlas Research Network, 2011) . Previous studies have shown that cells with loss of expression in BRCA1 or BRCA2 genes have defective HRmediated repair pathways and are likely candidates for PARP inhibitors (Farmer et al., 2005; Fong et al., 2009; Veeck et al., 2010) . It has recently been suggested that other genetic alterations, including EMSY mutations, deletion or mutation of PTEN and INPP4B genes, ATM or ATR mutations, and Fanconi anemia gene mutations, may render cells sensitive to PARP inhibition; however, this has not been tested in an experimental in vivo model. Our models, which have shown many of these genetic alterations, allow for an elegant system in which to test the efficacy of PARP inhibitors. Furthermore, these models will allow us to investigate in a preclinical setting whether tumors with BRCA2 mutations have a more efficacious response to PARP inhibitors compared to BRCA1 tumors. Most importantly, early detection of HGSC is difficult but the concept is highly attractive because it can conceivably be achieved at less cost and burden to the patient. If a significant proportion of ''ovarian'' serous cancers actually emerge from the distal fallopian tube, a significant shift in both conceptual thinking and preventive strategy will be required. It will be important to determine if patients at high-risk for HGSC should only have the affected distal portion of the fallopian tube removed, rather than both tubes and ovaries. Can these young BRCA women be offered risk-reduction surgery without undergoing surgical menopause and loss of their fertility? Similarly, determining precisely where these tumors initiate will influence strategies for early detection. This includes the development of screening tests using novel serum tumor markers and improved methods of diagnostic imaging that focus on the distal FTE in addition to the ovary. In conclusion, the first goal of our research has been to produce a valid model of serous high-grade tumors. The second is to identify discrete characteristics of early serous carcinogenesis in the tube that can be exploited for early detection and to examine the causes of the earliest events preceding malignancy, which will create a great opportunity for cancer prevention in high-risk women. It is clear that events leading to the development of STICs play a significant role in the development of serous tumors. Resolving their pathogenesis will enable more efficient methods for early detection, tumor imaging, cancer prevention, and identification of populations at risk.
EXPERIMENTAL PROCEDURES
Development of Genetically Engineered Mouse Models
All animal studies and procedures were approved by the Dana Farber Cancer Institute and Harvard Medical School Animal Care and Use Committees. PAX8-rtTA, TetO-Cre, and Gt (ROSA) 26Sor strains (C57Bl background) were acquired from the Jackson Laboratory (Perl et al., 2002; Soriano, 1999; Traykova-Brauch et al., 2008) . Brca1 flox/flox and Brca2 flox/flox mice were generated by insertion of LoxP sites into introns surrounding exon 11 in the Brca1 and Brca2 loci respectively, on a stock background (Jonkers et al., 2001; Xu et al., 1999 Pten flox/flox mice were generated by inserting LoxP sites into the Pten locus flanking exon 5 (Lesche et al., 2002) . Genotyping procedures are described in the Supplemental Experimental Procedures. In order to drive Cre-mediated recombination in murine FTSECs, we treated experimental and control mice for 14 days with Dox (Sigma) using a concentration of 0.2 mg/ml in their drinking water. Animals were routinely monitored for signs of distress, poor body condition, and tumor burden and were euthanized according to veterinary recommendations. For survival curve experiments, the mice were monitored until their death or upon veterinary recommendations.
Quantification of Serum CA-125 Levels CA-125 levels in murine sera, which were collected via cardiac puncture during necropsy, were quantified using a USCN ELISA kit (Life Science) according to manufacturer's instructions. One hundred microliters of serum was used per sample for ELISA testing.
Array Comparative Genomic Hybridization
Mouse genomic DNA was isolated using Gentra Puregene Cell Kit (QIAGEN) according to the manufacturer's instructions. Array comparative genomic hybridization (aCGH) was performed using whole genome Agilent SurePrint G3 mouse CGH 1M catalog array (Agilent Technologies). Genomic DNA from three normal mouse FTs was pooled and used as a reference. One microgram of total genomic DNA from the reference and test samples (derived from murine HGSC tumors) was used to perform array CGH according to the manufacturer's protocol. Briefly, reference and test DNA were first fragmented using a heat block at 95 C for 5 min and then labeled with Cyanine 3/Cyanine 5 fluorescence-labeled nucleotides respectively, according to the BioPrime Array CGH Genomic Labeling protocol (Invitrogen). Labeled DNA was purified using Amicon Ultra-0.5 30 k purification columns (Millipore). Test and reference DNA were then combined and hybridized to the Agilent 1 M mouse catalog array for 40 hr at 65 C. The array slides were further washed and scanned. Probe signal intensities were obtained using the feature extraction software analysis provided by Agilent. Copy number alterations were identified using Nexus software analysis (BioDiscovery). The FASST2 segmentation algorithm was applied by setting the following parameters: a minimum number of five probes per segment were used to detect a copy number aberration with a significance threshold of 5 3 10 À6 ; we further used log ratio cut offs of ±0.3 to detect one copy gain/loss and ±0.7 to detect high gain/homozygous loss.
Comparison with the Human TCGA Data Set Mouse and human orthology information was obtained from the Mouse Genome Informatics database (http://www.informatics.jax.org/mgihome/ other/citation.shtml) (Eppig et al., 2012) using the mm9 mouse genome reference assembly. The resulting regions were then compared to the alterations identified in the TCGA data set (Cancer Genome Atlas Research Network, 2011). The syntax ''<gene name>:CNA >=GAIN'' and ''<gene name>:CNA % HETLOSS'' were used to query single copy gains and losses from the TCGA cbio portal, respectively (Cerami et al., 2012) .
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